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Abstract
The Javan mongoose (Urva javanica) is a mesopredator native to Java island that has been rarely studied. The limited infor-
mation raises questions as to its ecological roles, particularly in terms of its effects on agriculture and biodiversity. These 
questions are critical as its congeneric species, the small Indian mongoose, has been listed among the 100 worst invasive 
species. To disclose its ecological function, a new approach that is capable of revealing the diet of the Javan mongoose at the 
species level is required. We conducted this study to identify the prey species of the Javan mongoose using next-generation 
sequencing methodology. Our study was conducted in a forested area of the southern mountains of Java, Indonesia. We 
collected fecal samples during the dry season of March–October 2018, extracting DNA using a QIAamp Fast DNA Stool 
Mini Kit. We performed Illumina sequencing using a 133 bp mini-barcode of the Cytochrome Oxidase I gene. Our rigorous 
analysis found 17 species, 14 genera, and 12 families of vertebrates and invertebrates in the mongoose feces. The greater 
bandicoot rat (Bandicota indica) and the domestic chicken (Gallus gallus) made up the primary diet of the Javan mongoose. 
Cricket, ant, moth, and fly species were also found in the feces. In effect, our results suggested that this species has a relatively 
diverse diet, one that includes mammals, birds, amphibians, snakes, fish, and many invertebrates. It confirms that the Javan 
mongoose has an opportunistic diet, which is most likely related to the availability of putative prey.
Keywords Mammals · High-throughput sequencing · eDNA · Role · Fecal
Introduction
There are a limited number of studies on the ecology and 
diet of the Javan mongoose (Urva javanica), with several 
reports on its phylogeny (Veron et al. 2007), as well as geo-
graphic distribution (Veron and Jennings 2017). However, 
this limited information on its ecology and diet is also a 
consequence of this species’ taxonomic separation, with 
Herpestes javanicus split into two different species, namely 
the Javan mongoose (Urva javanica) and small Indian 
mongoose (Urva auropunctata) (Veron and Jennings 2017). 
Several reports referred to Urva auropunctata as Herpestes 
javanicus in its introductory range. Only a few studies have 
been conducted on Urva javanica in Java, specifically. 
Therefore, this research examined the ecological informa-
tion and diet of Javan mongoose in Java island.
The lack of information on the Javan mongoose raises 
questions regarding the ecological roles of this species. One 
of its congeneric species, the small Indian mongoose, has a 
positive impact on its ecosystem and is known for its ability 
to control both insect and rat pest populations in its native 
range (Mahmood and Adil 2017). However, in its non-native 
ranges, the small Indian mongoose tends to negatively affect 
local biodiversity. This high variance in ecological impact 
is related to its opportunistic feeding behavior, as observed 
by Mahmood and Adil (2017).
As we have learned from the small Indian mongoose’s case, 
it is important to have a detailed understanding of the diet 
of the Javan mongoose to avoid population mismanagement, 
which leads to a harmful effect for biodiversity. While past 
researches [e.g. Seaman and Randall (1962), Gorman (1975), 
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and Mahmood and Adil (2017)] may contribute to our under-
standing of the variation of the small Indian mongoose’s feed-
ing behavior effects, these studies lack detail. In the past, this 
species was believed to feed on rats; therefore, its introduction 
to agricultural land in the Virgin islands was justified as a form 
of pest control (Seaman and Randall 1962). Additional stud-
ies have revealed a more diverse diet than previously thought. 
Gorman (1975) found that insects make up a significant frac-
tion of the mongoose’s diet on Fijian archipelago. In their 
native range, they are also known to consume seeds, stems 
and leaves (Mahmood and Adil 2017). These reports describe 
a wide variation in diet composition, and at a broader taxo-
nomic scale than the species level. The lack of information on 
the diet make-up at the species level may lead to inconsistent 
summations. It also speaks to the difficulty of collecting data.
Studies on the diet of the mongoose also present a meth-
odological challenge. The aforementioned dietary data of the 
small Indian mongoose were mostly obtained using micro-
histological observation of feces or gut contents. However, 
these approaches are not comprehensive enough to reveal 
details of the food items, and misidentification of the rem-
nants at the species level can occur due to fragmented tissue 
(Casper et al. 2007; Litvaitis and Pearl 2000). Most of the 
results generated using these approaches have only given 
information at the genus or higher taxonomic levels (Zeale 
et al. 2011). For purely appraisal purposes, this approach 
may be suitable. However, for population management, such 
as biological control of prey populations, a better approach 
capable of identifying the diet of a targeted species is 
required.
Recently, the metabarcoding approach using a next-gen-
eration sequencer (NGS) has been developed to identify spe-
cies from composite samples, like feces. This approach has 
been applied for the study of many wildlife species’ diets, 
including bats (Zeale et al. 2011; Andriollo et al. 2019), 
water shrews (Biffi et al. 2017), leopards (Shehzad et al. 
2012), as well as more challengingly small creatures like spi-
ders (Macías-Hernández et al. 2018). This approach is able 
to overcome difficulties in identifying the bulk of species 
through food remnants found in feces and has been acknowl-
edged to be more precise than morphological observation 
(Mumma et al. 2016). In our study, we used this approach 
to identify the prey of the Javan mongoose at the species 
level. Providing this information may reveal the ecological 
role of the species for agricultural purposes and may also be 
beneficial for its population management.
Materials and methods
This study was conducted in a forested area of the southern 
mountains of Yogyakarta, on the island of Java in Indo-
nesia (Fig. 1). This is the known geographic range of the 
Javan mongoose and is predominantly a karst ecosystem 
previously covered by monsoon forests. In this area, the 
mongoose coexists with other meso-predators, such as the 
leopard cat (Prionailurus bengalensis), common palm 
civet (Paradoxurus hermaphroditus), Asian small-clawed 
otter (Aonyx cinerea), and small Indian civet (Viverricula 
indica). In small parts of the area, remnants of the natu-
ral forest still exist alongside restoration forest spaced by 
agroforestry land and are close to villages. We conducted 
fieldwork, collecting putative feces samples in both the 
naturally occurring and restoration forests, during the 
dry season of March–October 2018. In the first step of 
feces collection, feces of the species were identified in the 
field based on morphological recognition. In the second 
step, Javan mongoose feces were confirmed using genetic 
tools using a Cytochrome Oxidase I (COI) gene sequence, 
which was retrieved from GenBank (accession number: 
NC_006835) originating from a Fiji sample. Although 
suboptimal, this selection method was used due to the 
unavailability of the COI sequence from Java.
Once found, feces were placed in a 50 ml plastic tube 
preloaded with silica beads to preserve the feces. Dry-
preserved feces were stored in a freezer (c.a. 4 °C) until 
the time of DNA extraction (1–2 weeks). We recorded 
geographic coordinates and habitat types along with the 
feces’ identity. We then extracted DNA from the feces 
samples using a QIAamp Fast DNA Stool Mini Kit (Qia-
gen, Hilden, Germany). Before following the manufac-
turer’s protocol, we conducted a pre-treatment consisting 
of incubating 0.8–1.6 g of feces in a 5 ml ASL buffer (Qia-
gen, Germany) at 65 °C for 1 h. This pre-treatment was 
performed to promote cell lysis, particularly of possible 
bones, hairs, and chitin remnants that could be found in 
the feces of the Javan mongoose. Following pre-treatment, 
fecal samples were processed in accordance with the man-
ufacturer’s protocol. Extracted DNA was quantified using 
a Qubit 2.0 fluorometer. We eliminated samples that had 
a concentration of less than 1 ng/μl. The libraries were 
prepared following a two-step PCR approach, combined 
with Illumina’s dual indexing strategy: a 133 bp mini-
barcode was amplified using the primer couple developed 
by Hebert et al. (2004). The PCR was carried out using 
a 25 µl reaction volume with 5 µl of KAPA Hifi Fidelity 
buffer (Roche, Switzerland), 0.75 µl of dNTPs, 0.75 µl of 
each primer, 1 µl of KAPA HiFi DNA Polymerase (Roche, 
Switzerland), 13.25 µl of PCR-grade water, and 3.5 µl of 
DNA extract. The PCR methodology consisted of an ini-
tial denaturation step at 95 °C for 5 min, followed by 38 
cycles of denaturation at 95 °C for 30 s, annealing at 45 °C 
for 45 s, an extension step at 72 °C for 30 s, followed by 
a final extension step at 72 °C for 10 min. The resulting 
PCR products were purified using Agencourt AMPure XP 
beads (Beckman and Coulter, USA).
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A second round of PCR was performed to add the dual 
indexes and the adaptor required by the Nextseq sequencer, 
following the protocol developed by Illumina. A second 
purification was performed followed by a quantification of 
each resulting purified PCR product using a FISHER Quant-
iT  PicoGreen® dsDNA Assay Kit (Thermo Fischer, USA). 
All samples were then diluted to 5 ng/µl, pooled together 
and subsequently transported with pools from other projects 
to the GIGA NGS platform from the University of Liege, 
France, for sequencing on a Nextseq Illumina Sequencer. 
The raw sequences were treated using a modified version of 
the bioinformatic script found in André et al. (2017), consist-
ing of both the FASTX Toolkit 23-09-16 and USEARCH 
(Edgar 2010) functions. The resulting sequences were then 
compared with published sequences available in the BOLD 
database (Ratnasingham and Hebert 2007).
Fig. 1  Geographic range of the Javan mongoose and land cover of 
the research sites (left: natural forest; right: restored forest). The dots 
represent a location where the majority of the samples have been col-
lected, which are surrounded by dry-fields, settlements, rice fields, 
plantation agroforestry lands, and forests (Redrawn from Veron and 
Jennings 2017)
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Results
Although we had to discard many unqualified samples and 
data, we successfully identified prey species of the Javan 
mongoose using NGS technology. The feces samples were 
found mostly at the edge of natural and restored forests 
(plantations), adjacent to rice fields, as shown in Fig. 1. The 
locations are close to the village’s dry field and plantation, 
with the habitat exposed to sunlight, thereby causing the 
DNA of the feces to be prone to degradation. From more 
than 100 samples collected in the field, only 15 samples were 
included (DNA concentration: 1.0–5.9 ng/μl) for molecular 
identification using NGS. The rest were discarded because 
the DNA quantity was less than 1 ng/μl.
Our results showed that all 15 samples provided 
sequences of data consisting of short fragments of the 
mitochondrial COI gene. After removing the sequence 
of contaminants and species with a percentage matching 
score—lower than 98% for Chordata and less than 95% for 
Arthropoda databases—we obtained 1,623,701 sequences. 
They consisted of 1,201,714 vertebrate and 421,987 inver-
tebrate sequences. Besides contaminants and matching 
score issues, unreliable identification was also a concern. 
We excluded sequences from the lists if the sequence count 
was less than 1%. We applied this setting for the vertebrate 
and invertebrate databases separately. Ultimately, 1,608,087 
sequences were used for further analysis. More than half of 
the sequences were identified correctly (100% match). One-
third of the vertebrate sequences were determined, with a 
match score of 98—98%.
In contrast, a low number of invertebrate sequences 
were identified at this last level (Table 1). Almost half of 
the Arthropoda sequences were identified (95–97% match 
score). However, these particular identifications need to be 
taken with caution because sequence databases for arthro-
pods living in the tropics are incomplete.
Sequences of Javan mongooses were identified in all 15 
analyzed feces, confirming that they were produced by this 
species. Furthermore, the identification was based on the 
BOLD and GenBank databases under the name of Herpestes 
javanicus. Moreover, our rigorous analysis showed evidence 
of 24 taxa in these fecal samples, corresponding to 17 spe-
cies, 14 genera, 12 families, and 12 orders of vertebrates 
and invertebrates (Table 2). We identified all vertebrates at 
the species level, with the exception of one species of the 
Anuran order. In contrast, we were only able to identify half 
of the invertebrate sequences at the species level. From 17 
species, half of them were identified with a perfect match 
with the available databases (three rats, two birds, and five 
insect species).
Meanwhile, the rest of the taxa were identified less pre-
cisely, but still had an adequate match score. From the identi-
fied species, two birds (Gallus gallus and Cairina moschata) 
were poultry species, and four rats are known as agricultural 
pests. The greater bandicoot rat (Bandicota indica) was the 
most common mammalian species identified. In addition, 
three other rat species with a smaller body mass were iden-
tified at a lower frequency of occurrence. Bandicota indica 
and Rattus tanezumi are introduced species, while Rattus 
tiomanicus and Rattus argentiventer are native species of 
Java. Lastly, a snake species, Ptyas mucosa was evidenced 
at a low level of occurrence.
Along with the greater bandicoot rat, the domestic 
chicken (G. gallus) comprised the primary diet of the mon-
goose. We found both species in half of the analyzed fecal 
samples (Table 2). Finally, cricket, ant, moth, and fly species 
were also found. The majority of the insect groups found in 
the feces corresponded to scavenger species.
Discussion
Research concerning the ecological role of mesopredators 
has re-emerged recently using a new molecular approach 
(Monterroso et al. 2019). Specifically for mongooses (Her-
pestids) in their native habitat, past knowledge has been 
unclear on whether these mesopredator species have a posi-
tive or negative impact on the ecosystem, due to unspecific 
dietary data (e.g. Kalle et al. 2012; Mahmood and Adil 
2017). Now, advancements in molecular identification pro-
vide a methodology to collect more detailed and reliable data 
on the diet structure of species, potentially clarifying their 
role as a mesopredator in any given ecosystem. Here, we 
reported the diet composition of a herpestid mesopredator 
in the island of Java, the Javan mongoose. We showed that 
a metabarcoding technique using a PCR primer to amplify 
a short fragment of the COI gene is capable of revealing the 
high dietary variability of this species.
The successfulness of species identification using a 
metabarcoding technique depends heavily on the appropri-
ate selection of the marker being used, the reference data-
base, the taxonomic scope, the DNA quality, and the ampli-
con length (Devloo-Delva et al. 2018). Our sampling sites 
were characterized by both high levels of ultraviolet light 
Table 1  Sequence count and match percentage after trimming at 1% 
threshold
% Match Sequence count
Chordata database Arthropoda database
95–97 0 198,638 (47%)
98–99 213,630 (18%) 3677 (1%)
100 976,681 (82%) 215,461 (52%)
Total 1,190,311 (100%) 417,776 (100%)
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intensity and humidity, which together quickly degraded 
the DNA quality of the feces. We anticipated this challenge 
by selecting a marker with a short sequence that still pos-
sessed enough sequence variance for animal identification. 
To date, the COI gene, along with its extensive reference 
database, is still acknowledged as the standard marker for 
animal identification (Marquina et al. 2019). This being said, 
the entirety of the COI gene is too long and is less likely 
to be amplified from a degraded DNA template. Therefore, 
we selected a mini-barcoding marker developed from the 
COI gene, a fragment initially developed as a marker for the 
Pyrenean desman, Galemys pyrenaicus (Gillet et al. 2015). 
Indeed, this marker has already been used to study the diet 
of several mammalian species, therefore making it an excel-
lent candidate for the study of the diet of a carnivore in the 
tropics through fecal collection. Using this marker, we were 
able to identify almost all the vertebrates found in the diet 
of the Javan mongoose (nine species; Table 2).
Our results showed that, in the tropics, the availability 
of a reference database, DNA quality, and contaminants 
influenced species identification of invertebrates using a 
metabarcoding approach. As such, we were not able to iden-
tify almost half of the invertebrate species found. Although 
we provided more sequences for our analyses compared 
with the marker performance in identifying prey species of 
the Pyrenean desman (Gillet et al. 2015), our results clearly 
showed a lower resolution, likely due to the incomplete data-
bases that exist for tropical insects (Beng et al. 2016). This 
inadequacy was compounded by the difficulty of obtaining 
high-quality insect sequences from mongoose feces, because 
of a relatively low number of sequences (Table 1). This led 
to only moderate success in species identification. Moreover, 
the low DNA quality of the feces samples due to the tropi-
cal climate was likely correlated with this problem, as indi-
cated by the low proportion of DNA successfully isolated 
(less than 20%). Besides quality of identification, we were 
also concerned about DNA contamination from non-food 
species. Specifically, feces found were probably contami-
nated by insect eggs before samples were collected. Fresh 
feces attracts many scavenging insects to lay their eggs, and 
Table 2  Taxa identified from 
feces of the Javan mongoose 
using mini-barcoding of the 
Cytochrome Oxidase I (COI) 
gene
Bold line represent perfect identification
Order Family Genus Species % Match score Freq. of 
occurrence 
(%)
Rodentia Muridae Bandicota B. indica 98–99 53
Rodentia Muridae Rattus R. tanezumi 100 7
Rodentia Muridae Rattus R. tiomanicus 100 7
Rodentia Muridae Rattus R. argentiventer 100 13
Anseriformes Anatidae Cairina C. moschata 100 7
Galliformes Phasianidae Gallus G. gallus 99–100 53
Anura – – – 100 27
Squamata Colubridae Ptyas P. mucosa 99 7
Perciformes Channidae Channa C. gachua 99 13
Orthoptera Tettigoniidae Hexacentrus H. japonicus 99–100 13
Orthoptera Tettigoniidae Mecopoda M. elongata 99–100 15
Orthoptera Acrididae Coryphistes – 98 7
Orthoptera Acrididae Diabolocatantops – 96–97 5
Hymenoptera Formicidae Monomorium M. floricola 100 7
Hymenoptera Formicidae – – 100 7
Hymenoptera – – – 96–100 27
Lepidoptera – – – 96 40
Lepidoptera Tineidae Monopis M. monachella 96 40
Lepidoptera Tineidae Monopis M. pavlovskii 96 40
Diptera Lauxaniidae Drosophila D. ananassae 100 7
Diptera Psychodidae Psychoda P. alternata 99 13
Diptera Calliphoridae Hemipyrellia H. ligurriens 100 27
Diptera Calliphoridae Lucilia L. sinensis 97 20
Hemiptera – – – 99 7
Decapoda – – – 95 7
12 12 14 17
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metabarcoding may falsely identify the eggs as part of the 
consumed diet of the mongoose. However, this final chal-
lenge has only been anticipated recently (Ando et al. 2018), 
and continues to represent a limitation of the metabarcoding 
approach for the diet analysis of wildlife.
Identifying the details of an animal’s diet helps their 
population management. Even with our limited sample size 
as an example, we clarified the ecological role of the Javan 
mongoose through the identification of its prey at the spe-
cies level. Our results showed that the Javan mongoose in 
our sampling sites consumed two native species of Muri-
dae: R. argentiventer and R. tiomanicus, and two introduced 
species, B. indica and R. tanezumi. They most frequently 
fed on B. indica (Table 1). Mongooses have the ability to 
control the population of these agricultural pests. However, 
their natural predation is not effective in eliminating them 
due to the difference in active time between the species. 
Indeed, populations of the latter species would be affected 
weakly at best, because it was shown that the mongooses 
fed on Rattus species only rarely. Conversely, this mon-
goose species may help to maintain the population equilib-
rium of pest species through their interactions with other 
carnivorous species. Meanwhile, of concern, we found that 
the Javan mongoose preyed upon chickens (G. gallus), pro-
viding evidence of harm to poultry farming. These adverse 
effects potentially occur as a result of the degradation of the 
Javan mongoose’s natural habitat which has been turned into 
settlements and other forms of anthropogenic land uses. In 
addition, we found no evidence of threats to biodiversity 
from this species.
As reported by Mahmood and Adil (2017), based on 
limited information on the insect species preyed upon by 
mongooses, it is presumed that they play a beneficial role in 
controlling populations of pest insects, in accordance with 
its congeneric species, Urva auropunctata, in India. That 
said, our study showed quite different data. Of the known 
insect pests, we found only fruit flies (Drosophila ananas-
sae) in the diet of the mongooses we sampled. These spe-
cies are known for their destructive behavior in agriculture 
(ElEla et al. 2013; Karremans et al. 2015); therefore, con-
trolling their populations should benefit farmers. However, 
we also found that the Javan mongoose tended to consume 
flower ants (Monomorium floricola) which prey on the eggs 
of other insects. Because of this beneficial effect, reduction 
of these ant populations by the mongoose is not favorable.
Overall, a substantial proportion of the insect species 
detected in the mongoose feces was composed of scavengers, 
as evidenced by metabarcoding. Bush crickets (Hexacen-
trus japonicus and Mecapoda elongata), moths (Monopis 
monachella and M. pavlovski), and flies (Psychoda alter-
nata, Hemipyrellia liguriens, and Lucilla sinensis) are 
known to prey upon dead organisms, either at the larval or 
adult stages (Elbardicy et al. 2009; ElEla et al. 2013; Hinton 
1956; Kurahashi et al. 1997; Robinson and Pratt 1975; Tur-
banova et al. 2019; Way and Khoo 1992). The wide variety 
of insects in their feces may be due to the generalist trait of 
the mongoose or the methodological weakness in our study. 
These pieces of evidence may show that the mongoose con-
trols the populations of not only agricultural pests, but also 
insects that are beneficial to agriculture. However, there is a 
possibility that this indication is untrue, due to the incorrect 
prey identification. The metabarcoding system may falsely 
detect insects that were not eaten by the Javan mongoose, 
yet still found in the feces when it was sampled. This study 
showed that there is a limitation associated with the use of 
metabarcoding for diet analysis. The above-listed evidence 
was based on the occurrence of the remaining DNA in the 
feces without prior information on the predation. In addition, 
there is a possibility that the insects were not eaten by the 
mongoose, rather they were attracted, trapped, or attached 
to the feces. The possibility is high for decomposer insects, 
while the environmental contamination is an intrinsic limi-
tation of DNA-based diet analysis that is challenging and 
impossible to overcome (Taberlet et al. 2018). This chal-
lenge was anticipated by removing sequences that were 
less than 100 counts and assuming that the rest originated 
from organisms intentionally or accidentally eaten by the 
mongooses.
Furthermore, these data were inferred from detailed diet 
analyses in the short term and with a limited spatial scale; 
therefore, it needs to be interpreted as a preliminary study. 
The diet composition of the Javan mongoose tends to corre-
late with food availability in its habitat. Additional research 
is needed to reveal the indirect effect of its prolonged tem-
poral interactions in the ecosystem, such as in areas with less 
anthropogenic food sources.
Conclusion
In general, our study showed minor differences from other 
reports on the diet of the small Indian mongoose, which is a 
closely related species of the Javan mongoose. In particular, 
our results provided evidence that this species has a much-
diversified diet that includes mammals, birds, amphibians, 
snakes, fish, and many invertebrates. It confirms that the 
Javan mongoose is an opportunistic predator, which is prob-
ably related to the availability of putative prey. The substan-
tial frequency of occurrence of rodent species (Rattus gen-
era) in the feces also evidenced the role of the mongoose as a 
regulator of pest species. However, our results also revealed 
its predation of domestic species like chickens, but showed 
no evidence of a biodiversity threat.
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